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Analysis of the commutation failure process and a study on the influence of operation
parameters on a UHVDC system
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Abstract: An AC system fault at the receiving end is the main cause of commutation failure in an Ultra High \oltage
Direct Current (UHVDC) system. This can seriously affect the security of the power grid. To fully clarify the
commutation process and control response of a valve group during commutation failure of a UHVDC system under an AC
system fault, the actual extinction area and the minimum extinction area of the valve group are compared, and the main
reason for commutation failure is analyzed through the electromagnetic transient simulation of the fault process.
Sensitivity of operational parameters and commutation failure and the fault recovery process is studied. It is found that the
parameters of a Voltage Dependent Current Order Limiter (VDCOL), proportional coefficient and integral coefficient of
inverter control have obvious effects on commutation failure and the fault recovery process. These aspects can be the first
choice for optimizing of the control system. This paper can provide a reference for commutation failure analysis and
stable operation of a UHVDC converter station.
This work is supported by the National Key Research and Development Program of China (No. 2016 YFB0900600).
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Fig. 1 Circuit structure diagram of inverter side
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Fig. 2 Equivalent circuit diagram of commutation process

FEBIGLRET, | BN 0, i BHINAE
i, RQERFLUTRS, T8

di,
dt

diy

LC
dt

[ 220, sin(@tydt = 2 (2L, Yt (3)
2 i as R AR A RN, AR ERARAL AN
B, PREEAARR, U = (3) k1

&(cosa —cosd) =L, [id )+ i, (ﬁ)} (4)
w w w



AR

UHVDC RS0 AH Ik b i 72 0 4 I 32 4T S 802 il ¢ - 27 -

2 (4) 22 11 A L S0 o R A
SRR FiI S, FE7%, ke v PR RO AT s A
R@ELHEFIATRE, S, TR, G
R L A BRI,

BB S, 5K MR RS, 2 AFR N

BOHATRS, . RS TAUREE—5, %
WS, A

S = J(;\/EULsin(a)t)dt—Lc Q)+ )
s ® ®

M ECE) AT AN, HAHHE . AR IR . HAH
SR ELIAC L AL A R M L I 1) L SR B

HT P 3(a) Al &, A Fi o i i DAL S O e
N, PRIES IR I, BAHAR AR S, 6]
FHER, RIEINA uw EK, RWEAD RS, D,
RIS Ay Bel)S, B/ T IR SR IE e BRI 56 ) T
i FRI TR WA 7 - ANITTRCZE SRH R IC2H s R L
NPRAEHAR ST, RAE R ) SEPR IS WAL S, AN/
TN RWTE AR, B

S j 2 N2U sin(at)dt =

\/EUL (1_C087min) (6)
P 0]

8 B A R BRL A A AN xR g e A e AR
I, Wl 3()ras, [FEFEERE I w R, K
iy MERZIRRD,  51RHAR RG22,

(b) $HiAH v He W 1R

3 MEBEITRE
Fig. 3 Operation angle of inverter

(a) HAH L e {E FRAT

Rt 52t R AR, 25
TR R R (T BB A, RIMEA BRI

1, R R, B BRI AR G S AR R
X B TRE T, ST A R AT B
FZ R 1230

2 HBEKMEEEIES

DI SRR SRS Ta] e 2 e L 3 AT IR0 S 4%
i RGN, 73BT AR S B AR AN Bk 2
(52, fi ] PSCAD/EMTDC #4% +1 100 kV 42
&N UHVDC RS AT 7 A, XU A S 68
JasHE N 1000 KV ZZHiBEER, XU e i i a4 A
500 kV i BF . RGFEBIBITSEUE 1 iR,
R HT R R G ecERET, Wi 4 pos,
A B TS R YRIBT T ER R . &
B 323 1000 kV AZHEFEAE 3.497 s I ZIk A C AH
P, SRR (RS 49 ms. IR 1) AR
S5 5 R
2.1 | VR Im R BRI AR R MUS FE

B B 1 AR R IS AT RS X RR, AR 1A%
Ui 18 2H 9461, e D AN Y W 8 2E B 477 L dn P
6 fic. HHIE 6 AT, 3% 1000 KV &2 it 245 C Ml%

% 1 UHVDC BRSBTS H
Table 1 Steady state operation parameters of UHVDC

REIBITSH e E
HiHE +1100 kV
BRI 2800A
Linpe ] 6 000 MW
R IR A 15°
St S 17°
1% 750 KV RS K 4,656
23 500 KV A8 R L 5.691
235 1 000 KV A8 F Gt FE L 7.037
%5 750 KV 289 R L LT 0512 Q 0.036 465 58 H
23 500 KV AZM RGEEAST  0.385875Q 0.022 46 H
20 1 000 KV I R SH{HAT 055125 Q 0.0744H
520 A RSk B S E BT 47.297 Q 2.215H

520

S10
| |
vn S12 S22 '2|
Si1 s21
V]Z WS” MRTB S24 523[ 22
NBSIL —*—— [ NBs21
*
525 .
NBSIZ L% I INBs22
vmﬁ ” ERTB _

s14

vi412p| N'S16
$17 {4}
S 1

[E 4 UHVDC RGERIRIFRZITAR
Fig. 4 UHVDC system bipolar symmetrical operation mode

S28




-8 - 20 EREY D5 EH

":7
J 1000 kV 500 kV

5 IR ELIRTNG Y
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of inverter side pole I low converter

HuEBERZ I, A | {Rem D MF AN Y Mrduiias KA A
FEFEMARRIG, S RE R HETIEIN, Z KT RESH
i, EUUHESIN, AN R TIRIE T AR, S
B IE B RE R .

B as AT B ANFA, DLURASZIR RS
NIER], FIAE 6 1 D HRAL Y W IR0 A8 it B0
B, TP B s A R 4L R O

DU BRI AR D Mrdfiiids D1, D2, D3,
D4 VU I ALk it A i 2 EAT 2304 25 2 4L 5
GBI 7 FroR, BEZRRORNVAZ IR Sl S
L1 ARIR SR P ST

<

=l

.{é-
<
K
=
1
I~

Vie & Vi N v Y
€
)

Vi & Vi Y Vo SF Vi VH%Z Vis 3/

(b) D21+ 21 ] 211 I W7

(a) DUIRFZ1 e 41130

Vg VT6$ Vi 3/ Vig Ve N/ Vi N/ :
! 7777749‘::{; :j,
& .

Vi VrJ% Vs 3/ Vo 3/ VTJ%Z Vs I

(c) D3I 21 i 211 i 7 (d) DAIR 2] i 21 30 e

7 AR MEREIAR | Kim D HHR a5 iR4E S E
Fig. 7 Conduction diagram of valve group of pole | low
D-bridge converter during commutation failure

Jkfis 2 D1 K AERT, e | K5 D Mrifimids ik
T Vron Vs FIRE, W Vi (55 1E D1 I Z)
FK, £ V2. Vs FIEIRE T, VAL e,
R Ve, - T D1 K Zle, >e, , Vs IEH FiE.
Vo FHRHE e, , FINKHEIE Ve, , FFIRAESZ RIE,
HT 1000 kV SR AGHIE, V2 KWTRI, Vi
W] Vv (346 AH, KA MR S D M 28—k de A
N

D2 N ZIKART, Vrew Vb T RIEIRE, Vs
FIEE 57E D2 2|25k, B Vs FHARFL K R e,
Pt ve,, He >e , VrsIEH S, Vi B
N A N Y LN ENTTRE 3% SN P A VAR s =
WRE, S5FR—WE BN Vs IEEGHEX, &R
D MRt ds A g, RO =AM RN E .

D3 M ZIR AR, Vrow Vs b T FIIRE, Vre
TS 51E D3 M ZIEIK, IER Ve FIBHIKHEIE A
e, PItkEE e, , He >e , Ve IEH FE, Vi
FRaG W, HFEIFEH TRZMARGRME, Vi KBk
W, Vv Al Vs S5IEXHKIBAAAE, IR0 —AH B AT

D4 B % V1 I 845 5 K, Vs 7] Vo 04
Vi RS e, BItkEE Ve, He,>e , Vn
IEH 538, Vs A REIER KK, R Vi, Vi
FIE. D MR A i B T AR 1 L a0 SR 2 B,
AR IR 2 S s FER I TR AR . 25 Vi fi
KAGTEIK, Ve Vo #AH, V12 V. Vi T,
D Mrdfe i o 7% B8 fb & Bk P AR UK OE 3 28 ViV
V12V13- V13V V1V V1sVre-V1eVT1i-V1iVrao

A RE R A R NI AR Y Mrfediias Y1, Y24 Y3,



AR

UHVDC FR Gt KWt 48 20 i [ 3s 47 2 HUE it 5t - 29 -

Y4 PYA [ 2Lk i A Ik AT e A, % 22 R 2 5
TG LK 8 k.
2 R R D AR SR A A AR R L

& 3 R Rum Y FiiRIR AR S EA A AR 1E R
Table 3 Commutation of pole | low Y-bridge
converter during failure

Table 2 Commutation of pole | low D-bridge e R R A
converter during failure W% Ve Vie V2 Vo Vs Vi KK
i R N A Y1 L] W b} i i 7 &
21 V14 V16 V12 V1 V13 V15 ENL Y2 i i i} 7 W7 pii] i
D1 i i b} 7 i i & Y3 i i3 i 7 W7 bii} 2
D2 7 7 il 7 Wi & %5 Y4 W W i Ji W7 bl &
D3 i3 i i} W7 W7 il 72
) A BC
D4 7 W b} pii} Wy W = 21000 S
= = W =
w SR
Vru S‘Z Vg AV . Vg %Z V.mgz Vo 3/ ) % N;‘! 1000 ' " " |
————————— &
e S5LA B
jgj i a CTTT L I s P 0 e e
Vi Vi3 E Vs Vi Vr Vs ” ; L
. ¥ %Z i < 10
(@) Y 1INy 221 ) £H 2 iy (b) Y 20 21 o] £ 328 by =
2 5t
V4 gf Vie N Vi ¥/ :§ oL ‘ ) ‘ ‘ .W
I "{“21 150
| O £L
v VoY V¥ =

() Y 3IRF 21 [ 24 3 by
8 AL IMAREIR | 1Kif Y MR 2SR 5@

Fig. 8 Conduction diagram of valve group of pole | low

(d) Y4IR 20 iR £

Y-bridge converter during commutation failure

Y M AR e Y1 Y2, Y3 I % Bkt
25 D Mr#ii%s D1. D2, D3 i ZIMIfl. Y4 %]
B Vron Vrs 0 T FRES, Vo SIE(E 575 Y4 i)
ZFK, Vrsla] Vo dedl, Vo FHREBE e, , BIK
ik Ne, , He>e , Vi Fil. Vs K2 E,
HH T RMEEE, Vs KETRB, Vs Vs 5318
XIATISRAEAE -

Y MR A S S (B AR LN R 3 . AL
MAG ST Vi Vrsy Ve Ve il NIk
MEPRES, Vo BE Vs BRI IE R KT, S8 Y M
Hoim s 5 2 O AR T R Y1, Y2, Y3, Y4
I ZI PR A I RTE RS, SRR, V2.
Vs IEHRWT, Y M 42 HE fik & kP AR TR R 3 -3
1 VsV~ V1eV11- ViV VeV~ ViV ViaVrs—
V1sVT60
2.2 {Rum iR R =0 B 53 4

UHVDC &% % CIGRE ¥l 248, LAk I 1K
Uiy Y M s A, LA SR O i A 2 R A
B 9 s,

110 L L I L L I L L I L
3.48 3.50 3.52 3.54 3.56 3.58 3.60 3.62 3.64 3.60 3.68
IRFI)/s

9 R R Y R SR IRAR AR R E T R T EE
Fig. 9 Simulation diagram of commutation failure and fault
recovery process of pole I low Y-bridge converter

S RIRA ARG, 2 EREEU, N,
K2 R ZEOR, BRI, TR BT BEX
AR 3.3 ms 5, &y FAFEHIZER, HuhkE
o, B 146°FFRZE 120° LARTF T ff, 8 i
FHRM . C FHEEHW PSS A S, IR 5 — AN Uk
USRS ON

P RS0 H B KA R 3.3 ms J5 b o N R
2 120°, A FH H AR DRI AH R MOAS 58 AR T 45 AR A
Ho MEKE G, o MUPAERIRAIE, BEESCH
RV IEH, o AIREIRE . AT S
FERTTEIA N : B SR N R, Hem s A A # Al
KW, ZumEAEE TR, BERBERASE B,
J5i5% VDCOL #5200, B B bl & B &
TR, BREETRESEIURE, BRER
FeoNE, MELRBEKRE, BRBE LT, B
Rt ETE, B RS IR T B K S
ThE AL, BRI T4 2 800 A.

2.3 EEMESRHASZE S
UHVDC R4uKH NG04, A% iR 4%



-30- ® ) ERGEY DM

b 2o e R LIS AT IR DL A | i Y Mriinds
R RIS VR 2 IR 7 A0 10 Fror .

A B C

e

sLAB

500 kV &5
WS LRV
L

[

(=] (=

|
n
(=3

P )

ZE I KA

v

st ¢

-\

110 1 1 1 . L L L L L L
348 3.50 352 3.54 3.56 3.58 3.60 3.62 3.64 3.66 3.68
I [11]/s

10 1R 1 Sif Y HHRR 2R R s sk S 3 2 EE
Fig. 10 Simulation diagram of commutation failure and fault

@
S

Y HrAlpha
FEAEA°)

recovery process of pole | high Y-bridge converter

HP 10 AT %0, 500 KV A2t 7EAR bt iR 4 #e A
JIGCHATE I T = AH HEE T BRI A B L, X —
77 T 5 #7500 KV 351 1 000 KV 3578 5k 4 Mz v
TEAE— EREE R A AT 5% o [R] I ZE Al SR MU A
BN AT, i R SRR K B R T Th I R .

R =204l @)

Q =Ptang -U’B 8)

s Uy 1 Mg sl o8 Ml B s . s

A2 RE A U, B, 23 Bt BEL i R N8

B P Q Al NERE IR MZTEHRAGLL
TN

500 KV =i KA IR, U, 3R] DL4ERR7E
KT 0 7K, #eAE SRR 1, SRk, 83|
e R R ZE R G, R AR R 4 [ A S VE R R R TE )
hEET)H U, >0, 1,0 FadS{E, 15 Ptang 1B
K), KT 500 KV 3758 RIEN 48 Frie it I o o 31,
[A] 1 1) 2H K A T R G SR TS Th T 2%, i ik
500 KV At 2 4t H I PR A1

500 KV 52 it FL PR AG DA % Mg A% 2 16 ol 1R 4H B
A p K, WA RIS R SRR, (155G A
PN AT, v i R 2510 i R 2L G, I i I 4L
KA RIS, 2o B g R, SRR
J2 W ZH T A i 75 T AR K o X0 2 51 A v i 1R
AR R PRI Ay s G A 5 e 2 R 4 A A
T, e R AR A A O IR SR, RS B HE IR S b
H5 e S EAAHER K G, HAsh R4 R A 2
PR o, PCEr K R ZH 3 i p DAIBE G0 A 2

PRI, e AL 14 #91 JSE AR A 20 7 130 i
WA o A | e i W 2L A2 ] 2R G 1 T ] 3%
4 Firoe HEG 4 IR, i R 2EL 2 ) AR G N5k
FE LA IR AL 1S, ([EHECRE, FFE0ZHA
FEHIEK .

< 4 ) | SIRHRLBIEH R T ATiE
Table 4 Intervention time of the control system of the pole |

el 2 T IR IS G BB 1) 2 /B 18] fms
ik Y 33
fi D #r 33
i Y A 43
i D A 43

3 MEERMESITSHI T

3.1 BB

FH A SCHAE R LI 2 BT AT %0, 2 1 2H S B ok
WA S, AN T o/ NSRRI, 2 AR AR R RN
KPR TR,y 208 10° 249, Sz BR A A K
L, ~0.1034H, HillRIj5R, 74370 ZIH5uH i s
MBINIER N ZI BRI . H(6)iH 545 H AR
B /N RWTTRIARZ) N 0.070 0 KV 8. 4 AH S H AR — &
I, ISR ORI AR S, BB IR YoE . L,
XFFA% | ks D M gs D1 2, BT 1000 kv
TmAGE, HAG)TE, AR Vi
W AR ) 9-0.233 2 KV 5, 1% 2% B 7E #okH 1 a]
V12 K 5E R E I 2, B /N T /S ¢ W i AR
0.070 0KV s, V2 [ Vg 3t 2RI, T D3 Jikpftis
Z, HAHEBIERMES Vo MxBmARA N
-0.3523kV s, Fx Vo TIRTEHESINSHE, KM
KW, [FEE, XFT Y Mriiigs, Y1, Y3, Y4 i)
P2 AR SE S I RE 38 b 2RI
3.2 BITEHRBE S

e A R g e Tt A 70 DA R 2R IS R A i o i
Bl ARRASE, BERBERENE, HHE
JE R, WMRERR G B RSN PUER KA BT
ZIRATIM AR T RATMT o A SO MFEIA A5 2K
TR s Pk 2110 32 B 1) 2R 15 (VD COL A AR il 4
1) 2 A A e AR T RE PR AL i
3.2.1 VDCOL A5 5[50

VDCOL FA-15fa N & B H AR B 11 4b
JEFTFESEIME , Zohn L A4b JEDR AL FEAT L f M2
Ja, TEARHEESA T, it s bR ) PR B F
B4, BILURD s TUNHFE, IR RSk
JUCRT B TR AN RE (XS, VDCOL 3RS U-1 i 262
Kl 11 fios, XERIRRA



AR

UHVDC RS RIS b 8 70 i Sz A7 2 B8 it 5t

- 31 -

0.345, Uu,<0.2
31 127
| =<—U,+——, 02<U, 6 <0.75 9
d_order 110 d 440 d ( )
0.5, U,=0.75
14 order 14 order

Ian

v I

i

I

I >

Ua Usn ¢
(ﬂ) [;ﬂ/;](;{'t (h) [)’,_u'lE’Hi
14 order
A

Inf———z - —- T

IALI

1
I
I
I
I
I
I
I
|

(¢) Uyt
& 11 VDCOL 1745 U-I HhZk[E
Fig. 11 U-1 curve of VDCOL

VDCOL A5 () fe /MR LR 1, « LR R IR
U, ML ERU,, Z8eimm VDCOL % 4y
P, DTS00 A 2R SO 1) LA FL At R P A i
R G BRI S S . i e, . U, FUy,
X LS RO B IR R A s, 0 s R an il 12
Fizn. B 12 AT, 1, R S I f e ok A

SR TR, 1, K, B e R AR,
BT E IR RGPOEIL . U, MU, X Hd
SN, B T S M L.

g 6r 1,-0.245 — — [y=0.345 — Iy=0.445
1= 4r
ol . . l ‘
3.50 3.55 3.60 3.65 3.70
I} i)/
(@) e/ BE AL R I 52 1
:tf 6 U0 ——Uy02 — =03
= 4
g2
=0 . ‘ . ‘ '
3.50 3.55 3.60 3.65 3.70
1 [)/s
(b) WL PRS2
6r G Ug=0.65 == Ug=0.75 — Uy=0.85
4t
2k
0 L 1 1 1 L L
3.50 3.55 3.60 3.65 3.70
I [a)/s

(c) Ik PR G
[E 12 VDCOL {58 #xt#shzik £ i3 1M S0
Fig. 12 Effect of parameters of VDCOL
on fault recovery process

3.2.2 THAR 1) U R R

ST 5323 4 23N UHVDC £%:, % CIGRE
RURR A AEII AR TR P FR e P AR s, 2 A P a4
13 Fft7 o TP AR i) 60 25 5 HEL AL 42 o) R0 o O T A 4
H, EITAG I TR ZE Al RISSWT AR ZE Ay, LA
PLIRAT 8 G 10 B, o AT A5 20008 AR ] 4551 £

Ui | mist |+ 0% Hs B 14 ordertt
e [ e
LR
AT
PR T e
v, |
Do s
I
]
I
|
| Vin_t Ml
! 4 B
N ... S
Ugimr | #IE |+ 1% HE AL 13 ontert
gy [ B
EEIE
REER
D [ | | s fen
4 inv ]
b e
i
|
i
| Ymint | MR
T
|

_______________________________

13 BEMHTHIHEE

Fig. 13 Control block diagram of inverter side



-32- 20 EREY D5 EH

SR (U R4 o B ) ORI SR B B
W RGO EER %, B RN, WL
B A 1 RS, AT R4 0 ek
R I I R . e 7 T 1 1 e
FHK, e~ B LL) REBCK , FIRLS)
FHK,,,, o TG 5 G5 MO WO R e
. D IR LI 14— 16 FR, Y
RO A T A AL, RSO T 404, I 14
TTHL, K g BN, D HRS S5 T — it
RI HEEHIR SRR, D HRR R 5
B REI R, 9 R — BT R TR
S M A O H ) R BOR BT . £ 15 w0,
RIF K, o, T D RO I G A, e
T Koy 2B (U R R TE W) S, 55 &5
Pl 16 4 Hy 05 ] K, % D BRI
WA, U RECRAR, D HR R 2 R
AT, LU SR, 5 A,
D HRUI IS R A A . B, )
HOBU FHOOT DUE B, (BB & R RS
BRPEIET 4 R,

3 57
I s e AR
= 0
-
B 5r A
1 L 1 L 1 1 1 1 1 Il
3.485 3.495 3.505 3.515 3.525 3.535

[N} fi)/s
(a) Kpgamma=0.1

i ) P A
h o

3.485 3.495 3.505 3.515 3.525 3.535
1 ul/s
(b) Kp-gamma=1

z 5
= 1\
2 0 %
1 1 1 1 1 1 1 1
3.485 3.495 3.505 3.515 3.525 3.535

I [a] /s
(€) Kp-gumma=10
14 7E KW A IEHI EL B R BT D MR 334548 K MU0 2 i
Fig. 14 Effect of proportional coefficient of constant extinction
angle control on commutation failure of D-bridge converter

5 o0
1 1 1 | 1 1 1 1 1
3.485 3.495 3.505 3.515 3.525 3.535
B[] /s
(a) Kj.u=0.063

ERTIEERTH YN
[= n

-5l

1 1 1 1 1 1 1 1 1

3.485 3.495 3.505 3.515 3.525 3.535
s nl/s
(b) Kpeur=0.63

I HL 7L kA
=)

|

g
|

| |
3485 3.495 3.505 3.515 3.525 3.535

i 17 /s
(€) Kp.ou=6.3
15 EERRITHIEL B R BT D HHii 224548 < A0 20
Fig. 15 Effect of proportional coefficient of constant current
control on commutation failure of D-bridge converter

< 51 B ¢ W
S0
= “"‘L“’T"’JL\*J
= 5t A
1 L 1 1 1 1 1 1 1 1
3485 3.495 3,505 3.515 3.525 3.535
I} [ /s
(a) Kicu=0.015
ER .
S0 I ] !
z st
1 Il 1 1 1 L 1 1 1
3.485 3.495 3.505 3.515 3.525 3.535
I} 1] /s
(b) Kicu=0.15
=
S 0
= 5|
o 1 L 1 1 1 1 1 1 L 1
3485 3.495 3.505 3.515 3.525 3.535
I} [i)/s
() Kicw=1.5

16 ERRITHIFA ST RERT D HHif i 28 $AE SR A F2 00
Fig. 16 Effect of integral coefficient of constant current control
on commutation failure of D-bridge converter



AR

UHVDC FR Gt KWt 48 20 i [ 3s 47 2 HUE it 5t

- 33 -

4 £

AR 41 100 KV 4537 3y XUB AR v 4 78 2% 60
FHRISCHRI R, AFF T T 45 S A ) 2% 1 2L ) 45 A ik
FEFIFE I N SRR, R B R, AT
IINTs FEIRFT T PRIAEER R AR 4 i 25
T AR SR O i e R FE e, 18 H LR 45 g

1) 52 1 000 KV 52yt dle [ 52 0], 48378 30 XL
AR A i 1) 2L IR D I Th AR B AL/ IN T i MR AR,
D MY MR IR R AR AN R R P PR AH R

2) B2 WA SRR, W 2 s ) AR 48 i B
1o FEMIR R RS 525r R B NS 5 3 i B IR F
ST 3 W= A b S SV X 7/ RS i A Y 1< BN 4 G ol L e o
Uiy W A% ) SR Bh A, ey i IR ZEL 4% 1) % R 75 B PRI
fih A SEIR A, HBhAE I ) e b R s 2

3) A& s PR AR A1 ) B /0 BIR 8 FEL 9 6T 5 e K
RN s AL Sy I & 2N S R ER i N L 2 = Rl
THRARGALRRE, T UAERER REACEL
KEEMSHL

4) & 5% Wr A s ) o i B A1) 2R BRI S A 4 )
R AR 43 28 BT A AR MO i B e el B I
K gamma 0/, FEHIWARGERZAG, A GG D M
g A R K, BORET, BT LA &M D #Hr
P de At g, RIS, ELBIRIRR 2 2B ¥ e T
W EEA B HI R A IR SR AR

5) F—n] DLE f it i i R g S S
HFEZ [BR RMBR T, SAAHEARR YIS,
P, PR BRI, B REMH AR, S
WAESE, 4R EHIRRGFEIBIT
SE Rk

[1] WANG Qi, ZHANG Chaoming, WU Xingquan, et al.
Commutation failure prediction method considering
commutation voltage distortion and DC current variation[J].
IEEE Access, 2019, 7: 96531-96539.

(2] PP, BRegm, TH, & —FiEH T KERAhERR

&R B RG], KPHAE A, 2019, 40(8):
2162-2169.
HAN Pingping, CHEN Lingqi, DING Ming, et al. A kind
of hybrid HVDC transmission system suitable for wind
power connection[J]. Acta Energiae Solaris Sinica, 2019,
40(8): 2162-2169.

(3] WRfEd:, T3, KREZE 5. WG RCER oL
AR AR PG [J]. = R FL 2%, 2020, 56(5): 196-202.
CHEN Jiahao, WANG Qi, ZHU Xinyao, et al. Risk
assessment of commutation failure for HVDC transmission
due to harmonic voltage[J]. High \oltage Apparatus,

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

(12]

2020, 56(5): 196-202.

XUE Ying, ZHANG Xiaoping, YANG Conghuan.
Commutation failure elimination of LCC HVDC systems
using thyristor-based controllable capacitors[J]. IEEE
Transactions on Power Delivery, 2018, 33(3): 1448-1458.
FEss, sk, B9, % HVDC HAH SR 52 vt F o (1)
HL R S IR A P SRIE [J]. AR, 2020, 56(4):
241-245.

CHENG Yan, ZHANG Jian, GUAN Ti, et al. Coordinated
control strategy of voltage and frequency support at
receiving end of HVDC system under commutation
failure[J]. High Voltage Apparatus, 2020, 56(4): 241-245.
EHE, TR, AR BRI 2 BRI A Ok T
PRI HE B RG RS EiEH, 2017, 45(12):
16-21.

WANG Shaochui, TANG Fei, XIANG Nong. Commutation
failure simulation analysis of East China power grid
multiple HVDC lines[J]. Power System Protection and
Control, 2017, 45(12): 16-21.

SHAO Yao, TANG Yong. Fast evaluation of commutation
failure risk in multi-Infeed HVDC systems[J]. IEEE
Transactions on Power Systems, 2018, 33(1): 646-653.
FREHE, SR, PN, & iR UHVDC ik
T f il AP R S 9], f8 0 R GEOR A 542 |, 2020,
48(2): 172-179.

WANG Sichao, WEN Jun, HE Dongshan, et al.
Commutation failure control and recovery strategy of
UHVDC with hierarchical connection mode[J]. Power
System Protection and Control, 2020, 48(2): 172-179.
THIO CV, DAVIES J B, KENT K L. Commutation failures
in HVDC transmission system[J]. IEEE Transactions on
Power Delivery, 1996, 11(2): 946-957.

MIRSAEIDI S, DONG Xinzhou, TZELEPIS D, et al. A
predictive control strategy for mitigation of commutation
failure in LCC-based HVDC systems[J]. IEEE
Transactions on Power Electronics, 2019, 34(1): 160-172.
GUO Chunyi, LIU Yuchao, ZHAO Chengyong, et al.
Power component fault detection method and improved
current order limiter control for commutation failure
mitigation in HVDCIJ]. IEEE Transactions on Power
Delivery, 2015, 30(3): 1585-1593.

i, #EX, FRK, & SREARGEBERGH AR
G0 R 4% ) HE T[] P E L TR AR, 2019,
39(15): 4356-4363.

YANG Shuo, GUO Chunyi, WANG Qing,
Coordinated control approach for UHVDC system under
hierarchical connection mode[J]. Proceedings of the
CSEE, 2019, 39(15): 4356-4363.

et al.



-34-

CEEL R R

[13]

[14]

[15]

[16]

(17]

[18]

[19]

skfffR, REZCHT, RS, 45 T e VDCOL %
TN ELIR 22 Ge e SR AR SR S 1 S Wi =[] B
RGP 5], 2020, 48(13): 63-72.

ZHANG Weichen, XIONG Yongxin, LI Chenghao, et al.
Continuous commutation failure suppression and
coordinated recovery of multi-infeed DC system based on
improved VDCOL[J]. Power System Protection and
Control, 2020, 48(13): 63-72.

XUJEVE, EHF, M, 4% LCC-HVDC #ighe ik = 1Y
HELEAR JIOHLER 43 A 5 30 e (9], [ L A
224, 2020, 40(10): 3163-3172

LIU Xiyang, WANG Zengping, ZHENG Bowen, et al.
Mechanism analysis and mitigation measures for
continuous commutation failure during the restoration of
LCC-HVDCIJ]. Proceedings of the CSEE, 2020, 40(10):
3163-3172.

B, 4P, XUFE, . B RFHAR KBS T
4y BT B AR AR S L[], BT R G E sh ik, 2019,
43(18): 13-17, 34.

RUAN Siye, XU Kai, LIU Dan, et al. Statistical analysis
and suggestions on resistance measures for commutation
failures of HVDC transmission system[J]. Automation of
Electric Power Systems, 2019, 43(18): 13-17, 34.
RUEH, WROL, RS, RITER M Ik AR 2%
TECHLERER I [J]. = Fe Fi. 2%, 2015, 51(3): 151-156.

YU Haixiang, CHEN Li, LIANG Jiahao. Investigation of
commutation failure in Guangzhou converter station of
Tianguang HVDC project[J]. High \Voltage Apparatus,
2015, 51(3): 151-156.

R, B, IhEE. FET LA LG RR R R ELIA
RSk T VR[], B, 2019(24): 82-83, 86.
LI Shaosen, LI Hao, SUN Hao. Analysis method of
UHVDC transient fault recording based on machine
vision[J]. Electric Engineering, 2019(24): 82-83, 86.
AR, BB TR E U R G A
I e/ R T AR I ] SR 0], B R G R H ¥
#l, 2015, 43(17): 75-80.

PENG Zhong, LI Shaohua, LI Tai, et al. A minimum
extinction area control strategy to suppress commutation

B,

failure in HVDC transmission system[J]. Power System
Protection and Control, 2015, 43(17): 75-80.
SR, RGN, XK, A H0H S B R G

RWTTVELRRI]. Hh E F L L2244k, 2018, 38(14 Tl 1):

1-10.

[20]

[21]

[22]

[23]

[24]

GUO Chunyi, ZHAO Jian, LIU Wi, et al. A review of
methods to mitigate the commutation failure for LCC-
HVDC[J]. Proceedings of the CSEE, 2018, 38(S1): 1-10.
TERHER. Ry e e B A L 2R G AR SR U R TR 5
SIFRERIFIFAD]. BB b RHERE, 2019,

TAN Yangchen. Coordination prevention of commutation
failure and emergency power control for ultra high
voltage direct current transmission system[D]. Wuhan:
Huazhong University of Science and Technology, 2019.
WEI Zhinong, YUAN Yang, LEI Xiao, et al.
Direct-current predictive control strategy for inhibiting
commutation failure in HVDC converter[J]. IEEE
Transactions on Power Systems, 2014, 29(5): 2409-2417.
BRFK, SRMEHE, BRER, SE. JRRGIE RN B
LR GE i R IR S M ATLER ST 7R 0]. IR G
{9 5, 2019, 47(13): 54-61

RAO Yufei, ZHANG Penghui, LI Chenghao, et al.
Mechanism and evaluating method for HYDC commutation
failure caused by inrush current[J]. Power System
Protection and Control, 2019, 47(13): 54-61.

FHGF, XUFEEE, BB, & ZSWMANERKE RS HR
AH R T 0], B D HOR 22 4R, 2017, 32(10):
12-19.

WANG Zengping, LIU Xiyang, LI Linze, et al. Boundary
conditions of commutation failure in multi-infeed HVDC
systems[J]. Transactions of China Electrotechnical
Society, 2017, 32(10): 12-19.

M, PAEK, BE, 55 B RGA K MO 5T
ZEIR[I). M E B4, 2013, 33(11): 140-147.
YUAN Yang, WEI Zhinong, LEI Xiao, et al. Survey of
commutation failures in DC transmission systems[J].
Electric Power Automation Equipment, 2013, 33(11):
140-147.

g% HER: 2020-12-03;

{&EIHEA: 2021-02-15

fEEET:

HFF(1981—), %, Hid, @l#ds, M4 FIF, A

57 6 4 7] B A AR R ST M ALK ; E-mail: LH021211@163.com

FHF 19960, B, Wik, MEFHLL, HLT

®AHELARMEZR 54 . E-mail tgyhfut0325@
163.com

(4m#F £A7M)



